'Echoventriculography', an echocardiographic method specially developed to scan the regionalfunction of the left ventricle, is introduced for studying left ventricular wall motion alteration in patients with acute myocardial infarction.
subjects. Pronounced asynergy was already detectable within 12 hours from onset of the symptoms of acute myocardial infarction. Echoventriculography detected acute left ventricular asynergy as well in the anteroseptal or lateral as in the posteroinferior locations. The anterior and/or septal infarction (I3 of the 30 patients) always showed a paradoxical systolic motion of the, generally large, infarcted areas. The amplitude of abnormal outward motion was up to 5 mm. In the posteroinferior infarctions (I7 patients) akinetic or hypokinetic modes prevailed. The contractile function of the uninvolved segments could be measured at the same time. Hypercontractile left ventricular wall motion was common in these healthy areas in acute myocardial infarction. These findings provide useful insight into the various components of the overall left ventricular pump function in acute myocardial infarction. The validity of the echoventriculographic evaluations of the segmental left ventricular function subsets was further confirmed in 2 patients undergoing left ventricular cineangiographic studies and in 2 by necropsy. The site of the asynergic left ventricular wall motion abnormalities correlated excellently with electrocardiographic prediction of the site of acute myocardial infarction. The echoventriculographic analysis proved to be more accurate in detecting asynergy than was the electrocardiogram.
This new echoventriculographic method may become a useful tool for serial noninvasive analysis of left ventricular performance, in detecting both the asynergic areas and the reserve function of the normal regions in acute myocardial infarction.
ate technique for this regional analysis; it is not, however, feasible to use it generally in the acute stages of infarction. The noninvasive methods of cardiac palpation, fluoroscopy, apex-and kinetocardiography, x-ray, and electrokymography (Zaret et al., I972) , have remained qualitative only. The new techniques of radarkymography (Kazamias and Gander, I973) and gated scintiphotography (Zaret et al., I97I) add a more quantitative aspect, but frequently they are not able to record all areas of left ventricular wall motion.
Echocardiography provides a direct, quantitative, and sensitive means for the noninvasive study of cardiac structure and function, including the overall left ventricular pump function (Rackley, Troy, and Pombo, I973) . In human acute myocardial infarction, segmental left ventricular wall motion abnormalities have not as yet been described systematically by echocardiography, though motion of the mainly noninfarcted posterior wall has been described to be 'distorted', as a sign of overall left ventricular dysfunction (Inoue et al., I97I;  Wharton, Smithen, and Sowton, I971; Ratshin, Rackley, and Russell, I972) . Therefore, a new echocardiographic 'left ventricular scanning' technique was developed to study whether or not (i) the presence of the ischaemic left ventricular dysfunction can be detected in all patients with proven acute myocardial infarction, (2) its anatomical region can be located accurately, and (3) its size can be quantified in the anterior, septal, inferior, and lateral infarctions as well as in the 'easy' posterior location. The site and extent of the left ventricular asynergic contractions were also correlated with the serial changes of acute infarction in the i2-lead electrocardiograms.
Patients and methods Thirty patients who had myocardial infarction, as defined by clear-cut clinical history, serial electrocardiographic abnormalities, and serum enzyme increases (GOT, LDH, CPK) were studied. There were 23 men and 7 women, ranging in age from 30 to 68 years. In 26 patients the infarction was acute and they were admitted to the intensive care unit. The patients were included consecutively, the only criteria of selection being that the infarction was the first one that the patient had experienced. Echocardiography was performed within the first I2 hours from the onset of the symptoms. The scans showing the most abnormal changes during the first week of the infarction (days I, 2, 3, and 7) were selected for the present analysis. Two patients were admitted to the unit because of a deteriorating clinical course about 2 weeks after their acute infarction. Two more patients underwent an angiographic evaluation of recent postinfarction left ventricular aneurysm: one of those was later operated on, the other died because of an intractable low output state. Death of one patient in the acute infarction series was from the same cause.
Electrocardiography
Twelve-lead serial electrocardiograms were recorded on days I, 2, 3, 5, and 7 of the acute infarction with a 4-channel ink-jet Mingograph 34 electrocardiograph (Elema-Schonander, Stockholm). The criteria for localization and extent of the acute myocardial infarction used in this laboratory (Heikkila, I967) have been adopted with slight modifications from the principles described by Lipman and Massie (I965) . Briefly, the basic localizations of the infarction with their corresponding leads depicting the QRS and/or ST-T changes are the following: anteroseptal (VI-2), anterior (V2-4), anterolateral (V5-6, I, aVL), extensive anterior (Vi-6, I, aVL), inferior (II, III, aVF), posterior (VI-2; R waves), infero-and posterolateral (respective combinations).
Echocardiography
The present 'echoventriculography' was developed specially for evaluation of segmental left ventricular function. It has been developed from the conventional technique described for the study of left ventricular size (Feigenbaum, I972) (Fig. I) . The transverse left ventricular diastolic and systolic diameters are next recorded (i: i scale) from the same 4th intercostal space but moving the probe medially about I to 2 cm to the very edge of the left sternal border, sometimes also slightly inferiorly. By slight angulations of the probe, distinctive echoes from both the interventricular septum and the left ventricular posterior wall appear simultaneously (Fig. i) . This position of the probe on the thoracic wall is termed basic position i.
Scanning position 2 is in the 4th intercostal space i cm lateral to the mitral valve point, that is 2 to 3 cm lateral to the left sternal border. In the 5th intercostal space are probe positions 3 and 4, correspondingly below positions i and 2. The probe is directed so that it stands at a right angle against the estimated tangent of each left ventricular anterior wall region under study. To examine the anterior wall infarction comprehensively, several additional left ventricular anterior wall scannings, AW 5, AW 6, AW 7, etc., were recorded. The AW 8 and AW 9 sites especially were very informative in cases of anterolateral infarction (Fig. 2) .
The size ofthe infarcted cardiac region was determined by echocardiography as the number of scanning locations where asynergy of the left ventricular wall contraction became visualized. Asynergy was described as either hypokinesia (locally reduced contraction or asyneresis), akinesia (no motion), or paradoxical movement (systolic bulge or dyskinesia) (Herman and Gorlin, I969) (Fig. 2) .
Comments on the echocardiographic method Advantages The present method introduces a standardized echocardiographic scanning system to investigate the regional contraction patterns in the entire left ventricle. Reproducibility is good, as tested in a group of I2 normal subjects (Nieminen, I974 The disturbances caused by any rotational and axial movements of the heart are impossible to assess with this technique. However, in the studies with the human heart this has proved to be of minor importance (McDonald, 1970) .
Results

Normal regional contraction pattern
The systolic contraction of the normal left ventricle is synergic in both the geometric and the sequential sense, as well as when evaluated by 'echoventriculography' (Fig. 2) . As a reference, regional left ventricular scanning was obtained by the present method from 40 healthy subjects aged 20 to 40 years. This normal material revealed minor differences in wall excursions and motion sequences between the septal, anterior, posterior, and lateral regions of the normal left ventricle (Fig. 2) Interestingly, parallel with the increasing size of the scanned infarction the uninvolved myocardial function tended to become compensatorily 'supernormal'. Increase of its contractile function was expressed by fast and excessive excursions (Fig. 4) (Table 2) . Similarly, the spread of the infarction changes into an increasing number of praecordial V leads was correlated with an increasing area which showed asynergy in the echocardiographic maps ( Fig. 5 . However, when the infarction was situated in these regions, its actual size was not as easy to estimate even from the QRS alterations in the various electrocardiographic leads. Frequently the echocardiography demonstrated only hypokinetic contraction. Quite often, too, the major echocardiographic localization showed more posterior (lateral) than inferior involvement though the opposite relation was present in the electrocardiogram, i.e. it showed larger inferior and smaller posterior (reciprocal VI-2) changes (Table 2) . One patient, despite newly developing large posterior asynergy and higher serum lactic dehydrogenase to 740 IU, showed only a slight and temporary ST depression in the leads V2-3 but no clear QRS alterations (Fig. 6) .
In the sequential studies a constant finding was that large akinetic or (Fig. 7) . Excessive function of the uninvolved healthy regions was demonstrated similarly by the two methods (Fig. 7) (Fig. 2) .
Depending on the site of infarction, the additional scanning directions become very rewarding. These multiple scnng areas all together delineated quantitatively the approximate size and site of the acute left ventricular asynergy in all the infarction patients. A closer search is best made according to the suggestions of the electrocardiographic localization. In fact, an extensive anterolateral infarction was most clearly detected by the AW 8 and AW 9 scans (Fig. 2) . Such lateral probe positions do not work in an uninfarcted heart unless there is a dilatatory expansion laterally. Besides the location and area of the infarction, the amplitude of the asynergic systolic motion is very easy to document. The accuracy of echocardiographic scannings is of the order of i mm.
In acute myocardial infarction in man, echo- cardiography has not been used systematically until now to detect, locate, and measure asynergic regions. Our echocardiographic modification thus offers important augmentation of the ability of ultrasound to explore such basic pathophysiological problems. The 'left ventricular scanning' in fact detected left ventricular asynergy in ioo per cent of the patients with acute phases of myocardial infarction. Previously another study has described the demonstration of ischaemic asynergy located in either the septum or posterior wall in patients with chronic coronary artery heart disease, with a success rate of only 76 per cent, using the conventional left ventricular dimension technique (Jacobs et al., I973).
It is pointed out herein that the present echoventriculographic technique differs fundamentally from that developed earlier for study ofleft ventricular cavity size and function (Feigenbaum, 1972) . After first recording the left ventricular dimensions with the standard method, localization and motion of one ventricular region only at a time are then studied. For these purposes the usual hard purification of the endocardial echoes is irrelevant. On the contrary, the present approach to segmental wall motion avoids the earlier failure of echocardiography in acute myocardial infarction where the success rate of only 6o per cent is usually mentioned.
The Russell, Hunt, and Rackley, I973) . The anterior infarctions were always large in echocardiography (mean about 5 positions), and consistently showed more or less paradoxical outward motion. This systolic bulge increased in parallel with the enlarging area of the asynergic motion. By contrast, the posteroinferior infarctions frequently were akinetic or even hypokinetic only, the paradoxical pulsation being an exception. They usually encircled a smaller segment (mean about 3 positions).
The lesser degree of paradoxical motion in the posterior infarctions may be related to their smaller size caused by the double vascular supply of these regions (James, I968; Russell et al., I973) . However, this more akinetic pattern was seen also in quite extensive posteroinferior infarctions which resulted in a serious clinical condition and remarkable enzyme rises. A true paradoxical motion may, in these cases, be nullified in the echocardiogram into a mere akinetic tracing if the heart as a whole simultaneously shifts anteriorly during systole. It is a moot point if any such mass motions take place in infarction, though some recent evidence supports this possibility (Sniderman, Marpole, and Fallen, I973) . This possible shift would also then inadvertently result in a 'too good' echocardiographic finding of the left ventricular motion disorder. Furthermore, Sniderman et al. (I973) and Vogel, Cornish, and McFadden (I973) have shown that the posterolateral and inferior left ventricular segments clearly contribute more to the normal overall left ventricular motion than do the septal and anterior segments (the same was observed in our normal material). Whether this slight inequality is somehow reflected as less asynergy of these segments, when eventually becoming infarcted, remains to be investigated. The paradoxical motion began early in the isovolumic phase of the systole, confirming our earlier findings in experimental myocardial infarction in cineradiological marker studies (Heikkila, Tabakin, and Hugenholtz, I972) .
